The Broselow™ Pediatric Emergency Tape indicates standardized, precalculated medication doses, dose delivery volumes, and equipment sizes using color-coded zones based on height-weight correlations. The present study attempted to provide more evidence on the effectiveness of the Broselow™ Pediatric Emergency Tape by comparing the tape-estimated weights with actual weights. We hypothesized that the Broselow™ Pediatric Emergency Tape would overestimate weights in Indian children aged<10 years, leading to inaccurate dosing and equipment sizing in the emergency setting.
INTRODUCTION
Pediatric resuscitation has always been a great challenge for the emergency physician because parameters such as drug doses, defibrillator energy settings, and equipment sizes are determined by body weight. The effectiveness of emergency interventions will ultimately depend on an accurate estimation of pediatric weight. Therefore, an accurate estimate of pediatric body weight is critical for the optimal management of pediatric emergencies.
Historically, pediatric weight has been estimated visually, [1] [2] although calculating the weight from the age and height of a child has proven ineffective in reducing errors [3] [4] [5] [6] and has resulted in improper dosing. [7] [8] [9] [10] [11] In a previous study of medical errors in a hospital from the United States, the pediatric service was found to be the most error-ridden, with flawed dose calculations being the most common medical error in prescribing treatment. [12] Various methods have now been devised to rapidly estimate pediatric weight for use in the emergency setting, including simple and complex formulae based on age, height, or body habitus (slim, average, or heavy).
The Broselow™ Pediatric Emergency Tape has been used for over three decades in the United States, and has provided physicians with standardized pre-calculated medication doses and equipment sizes based on heightweight correlations (height range, 46-143 cm). The tape is color-coded, simple-to-use, and its use has been widely adopted. The effectiveness of the Broselow™ Pediatric Emergency Tape has been studied with mixed results in Switzerland, [13] Australia, [14] South Korea, [15] and other countries. Compared with visualization estimates, however, the use of a height-based system has proved to be more successful in reducing medical errors. [16] The present study hypothesized that the Broselow™ Pediatric Emergency Tape would overestimate weights in Indian children aged<10 years, leading to inaccurate medication dosing and equipment sizing.
METHODS

Study design
The present study prospectively enrolled patients aged <10 years who attended the outpatient department for regular check-ups and minor complaints. This study was carried out during October 2012-December 2012. Patients with medical conditions that might substantially affect body weight or height or those >10 years old were excluded. We used the Broselow Pediatric Emergency Tape, 2007, Edition B, Armstrong, Medical Industries, IL, USA. To determine the degree to which the Broselow Pediatric Emergency Tape determined weight could predict actual weight in children under 143 cm (tape limit), patients were subdivided into three categories: <10 kg, 10-18 kg, and >18 kg. The primary investigator measured the Broselow weight in all patients according to the Pediatric American life support (PALS) guidelines. Briefly, the child laid in the supine position and height was measured using the tape placed from the head to the heel. The actual weight was recorded using a child or baby scale, which was recalibrated daily, with all heavy clothes and shoes removed before measurement.
Informed consent for the use of patient data and enrollment in the study was provided by patients' guardians. The study design was approved by the Institutional Review Board (CTRI/2012/08/002918, Registered on: 27/08/2012).
Statistical analyses
Descriptive methods were used to summarize the data from this study using the commercial software STATA system version 9.0. Bland-Altman analysis [17] was performed. The percentage difference was observed between the Broselow-predicted weight and the measured weight as a measure of tape bias (100* [measured weight]) Broselow-predicted weight measured weight. The null hypothesis stated the Broselow-predicted weight was equivalent to the measured weight if the 95% confi dence interval (CI) for the mean percentage difference was ±3%. The SD of percentage difference was also calculated to estimate tape precision.
RESULTS
The patient cohort varied widely in age (range 1-156 months) and body weight (range 2.7-46 kg). No patient fall in less the 3 kg weight and 46.76% of patients fall above 36 kg ( Figure 1 ). The characteristics of the 603 children are presented in Table 1 .
The mean percentage agreement between the Broselow™-predicted weights and measured weights is summarized in Table 2 . The mean percentage difference was signifi cantly greater in the 10-18 kg (1.8%) and the World J Emerg Med, Vol 7 >18 kg (9.3%) groups than in the <10 kg (0.88%) group. The limits of agreement for Bland-Altman analysis suggested that the tape was most concordant in the <10 kg weight group (0.14-0.07, ±0.22 kg) and 10-18 kg group (0.15-0.08, ±0.23 kg) compared with the >18 kg group (-0.51--0.92, ±0.11 kg) (Figure 2) .
The accuracy of color-coded zone prediction and weight prediction are shown in Table 2 . The total agreement for color-coding across all patients was 63.18% (Table 2) .
The Broselow™ color-coded zone agreement was 74.8% in the <10 kg group, 61.24% in the 10-18 kg group, and 53.42% in the >18 kg group (Figure 2) . The overall agreement analysis between the actual weight and the Broselow™ tape color-coded zone weight of the three groups are shown in Figure 1 .
DISCUSSION
For pediatric resuscitation, accurate weight estimation is of vital importance, but it is difficult physically to weigh a patient in an emergency. The Indian Academy of Pediatrics [18] recommends that PALS guidelines are followed for resuscitation, and the PALS guidelines recommend the use of the Broselow™ Pediatric Emergency Tape.
The World Health Organization's 2006 growth standards suggest that genetic influences on childhood weight for length are minimal, and that breastfed children in healthy global communities can be expected to achieve similar heights and weights for a given age. [19] This assumption implies that the same anthropometric methods used to predict children's weights in the United States, such as the Broselow™ Pediatric Emergency Tape, would be useful in similar international settings. Confi rming these guidelines, previous studies in the United States, Europe, and other developed countries have found no significant variation in weight prediction by race or ethnicity. [17] However, when the Broselow™ Pediatric Emergency Tape is used in Indian children, weight overestimation has been noted as a reason for serious concern. [20] Overestimation of equipment size by the Broselow™ Pediatric Emergency Tape may lead to serious injury or potentially life-threatening time delays during procedures. Recent researches into the accuracy of the Broselow™ Pediatric Emergency Tape conducted in the United States have raised concerns regarding underestimations of drug dosages secondary to the obesity epidemic in children.
The use of Broselow™ Pediatric Emergency Tape in Indian children was compared with that reported in a recent validation study performed in North American children. [21, 22] The results indicated that the tape is signifi cantly less accurate in the Indian childdren. In the US study, the accuracy of the tape was assessed in North American children categorized into age and weightbased groups [<12 months old (<10 kg); 12-59.9 months old (10-18 kg); and >60 months old (>18 kg)]. Although the age and weight categories could not be compared precisely, the age and weight ranges in the present data set are similar. The Broselow™ Pediatric Emergency Tape for Indian children compares favorably with that for American children in the <10 kg group and 10-18 kg group, but it is significantly less accurate for Indian children weighing >18 kg.
In the present study, we tried to give more evidence supporting that the tape will perform better in higher socio-economic countries. In private hospital, category 2 was validated without correction factor and only category 3 required further validation. [17] This study aimed to address the internationalization and validation of the Broselow™ Pediatric Emergency Tape in developing countries such as India. However, the study has some limitations. The study was conducted World J Emerg Med, Vol 7, No 1, 2016 by a single investigator at a single hospital. In addition, although the hospital is a large quaternary referral center that attracts a wide range of urban and rural middle class patients from all over Northern India. Hence, the data from those with a lower socioeconomic status were not included, introducing an element of patient selection bias.
In conclusion, the implementation of the BroselowTM Pediatric Emergency Tape in India to estimate pediatric weight accurately in the emergency setting will reduce medical errors. The tape is more reliable in children of the <10 kg and 10 to 18 kg groups. However, as pediatric weight is increased, predictive reliability is also decreased, especially in those weighing>18 kg. Thus, an alternative method of weight estimation may be needed in Indian children although the tape is likely to reduce medical errors compared with visual estimation of weight. 
Confl icts of interest:
The authors have no competing interests to declare. Contributors: Mishra DG proposed the study, analyzed the data and wrote the fi rst draft. All authors contributed to the design and interpretation of the study and to further drafts.
